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SUMMARY 
 
 Lipid damage produced during Atlantic pomfret (Brama brama) chilled storage 
(up to 19 days) was studied. For it, free fatty acid (FFA) and conjugated diene (CD) 
formation, peroxide value (PV), thiobarbituric acid reactive substances and fluorescent 
compounds formation were measured in two different white muscle zones (dorsal and 
ventral). Comparison with volatile amine formation (total volatile base-nitrogen, TVB-
N; trimethylamine-nitrogen, TMA-N) was carried out. A gradual lipid hydrolysis was 
observed in both zones along the whole experiment. CD and peroxides formation was 
important during the experiment; peroxides showed the highest value at day 15 in both 
zones, that was followed by a peroxide breakdown at day 19. Interaction of oxidized 
lipids with nucleophilic compounds present in the fish muscle led to a gradual 
fluorescence development during the storage time in both zones. Mean values of the 
lipid content showed to be higher in the ventral zone than in the dorsal one, although 
significant differences could not be detected (p<0.05). Concerning the lipid damage, 
very small differences (p>0.05) could be assessed between both zones. TVB-N content 
showed no variation till day 15. At day 19, a sharp increase was observed for both 
muscle zones. In the case of TMA, a gradual increase was observed along the whole 
storage time for both muscle zones. Higher mean values were obtained in TVB-N and 
TMA-N indices for the ventral zone than for the dorsal one, according to a closer 
location to viscera where microorganisms are known to concentrate. Among the 
different indices tested for quality assessment, TMA-N and fluorescence formation were 
the most accurate for following the quality loss during Atlantic pomfret chilling, 
showing satisfactory (r2≥0.87) non-linear fittings with the chilled storage time. 
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INTRODUCTION 
 
 Marine foods are known to provide high contents of important constituents for 
the human diet such as nutritional and digestive proteins, lipid-soluble vitamins (A and 
D, mainly), microelements (I, F, Ca, Cu, Zn, Fe and others) and polyunsaturated fatty 
acids (PUFA) [1-3]. However, marine species are known to easily deteriorate during 
processing and/or storage due to the action of different factors as microbiological 
development, endogenous enzyme activity, nonenzymatic lipid oxidation and browning 
[4,5]. 
During chilled storage of fish, chemical changes are known to take place [6,7]. 
Research on quality changes during chilling of lean fish species has been focused on 
changes in sensory attributes, formation of volatile amines and hypoxanthine, and 
changes in proteins and physical properties of the muscle [8-10]. However, the lipid 
fraction is now the subject of a great deal of attention since PUFA are highly prawn to 
oxidation [11-12]. Previous research concerning lean fish species has shown that lipid 
damage may also lead to important changes during chilling concerning losses in sensory 
quality and nutritional value [13-15]. 
Atlantic pomfret (Brama brama) is a medium size pelagic fish of great economic 
importance [16], being widely consumed as fresh fish. Bibliography accounts for some 
research about its biology and fishery [17,18], but little information has been provided 
about changes produced in this fish species as a result of processing [19]. The 
possibility of replacing higher cost species by Atlantic pomfret during the 
commercialisation of smoked products has developed some species identification 
research [20,21]. 
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The present work is concerned with the commercialisation of Atlantic pomfret as 
a chilled product. The study is aimed to the lipid damage assessment during the ice 
storage and to relate it with two commonly employed indices (total volatile amines and 
trimethylamine) for assessing fish spoilage during chilling. Two different muscle zones 
are studied and a strong interest is accorded to the search of accurate lipid damage 
indices susceptible to reflect quality changes. 
 
 
MATERIALS AND METHODS 
 
Raw material, processing and sampling 
Fresh Atlantic pomfrets (Brama brama) were obtained in a local market. From 
catching till arrival to our laboratory, the fish specimens (n=21) were kept surrounded 
by ice. The length of the fish was in the range 35.5-46.5 cm; the weight was in the range 
680-1225 g. Upon arrival in our laboratory, whole individual fishes were divided into 
three batches (n=7 in each batch) and stored (on ice) in an isothermal room at 4ºC. As 
the experiment began, all fish were in the post-rigor state. Each batch was studied 
separately and sampling was undertaken at days 0, 2, 6, 9, 12, 15 and 19. Two different 
muscle parts were considered and sampled separately in the present study (Fig. 1): The 
dorsal (D) zone (placed far away from viscera and being a great proportion of the fish 
flesh) and the ventral (V) zone (placed close to most viscera). Analyses were carried out 
on the homogenized white muscle of each of these two zones. 
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Water and lipid contents 
 The water content was determined by weight difference of the homogenized 
muscle (1-2g) before and after 24 h at 105ºC; the results were calculated as g of 
water/100g of muscle. 
The lipid fraction was extracted by the Bligh and Dyer [22] method. 
Quantification results were calculated as g lipids/100 g wet muscle. 
 
Lipid damage analysis 
Free fatty acid (FFA) content was determined by the Lowry and Tinsley [23] 
method based on complex formation with cupric acetate-pyridine. Results are expressed 
as g FFA/100 g lipids. 
Conjugated diene (CD) formation was measured at 233 nm [24]. The results are 
expressed according to the formula: CD = B x V/w, where B is the absorbance reading 
at 233 nm, V denotes the volume (ml) of the sample and w is the mass (mg) of the lipid 
extract. 
Peroxide value (PV) expressed as meq oxygen/kg lipids was determined 
according to the ferric thiocyanate method [25]. 
The thiobarbituric acid index (TBA-i) (mg malondialdehyde/kg fish sample) was 
determined according to Vyncke [26]. 
Interaction compound formation was investigated by means of fluorescent 
properties. For it, fluorescence formation (Perkin-Elmer LS 3B) at 393/463 nm and 
327/415 nm was studied as described earlier [15,27]. The relative fluorescence (RF) was 
calculated as follows: RF = F/Fst, where F is the fluorescence measured at each 
excitation/emission maximum, and Fst is the fluorescence intensity of a quinine sulphate 
solution (1 μg/mL in 0.05 M H2SO4) at the corresponding wavelength. The fluorescence 
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ratio (FR) was calculated as the ratio between both RF values: FR = RF393/463nm / 
RF327/415nm. The FR value was analysed on the aqueous phase resulting from the lipid 
extraction [22]. 
 
Volatile amines formation 
Total volatile base-nitrogen (TVB-N) values were measured by the 
Antonacopoulos [28] method with some modifications [27]. For it, fish muscle (10g) 
was extracted with perchloric acid (6%) and made up to 50 ml. TVB-N content was 
obtained by steam distillation of the acid extracts made alkaline to pH 13 with NaOH 
(20 %), followed by titration of the distillate with 10 mM hydrochloric acid. Data are 
expressed as mg TVB-N/100 g muscle. 
Trimethylamine-nitrogen (TMA-N) values were obtained by the picrate method 
according to Tozawa et al. [29] by employing a 5% trichloracetic acid extract of fish 
muscle (10g /25 ml). Data are expressed as mg TMA-N/100 g muscle. 
 
Statistical analyses 
Data from the different quality measurements were subjected to ANOVA one-
way method (p<0.05) and correlation analysis (linear and non-linear); comparison of 
means was performed using a least-squares difference (LSD) method [30]. 
 
 
 
 
 6
RESULTS AND DISCUSSION 
 
Water and lipid contents 
 The water content for each zone did not show a clear tendency during the 
experiment (Tab. 1), although some differences (p<0.05) could be observed that may be 
explained as a result of individual fish variation and not arising from chilled time. 
Comparison of both muscle zones did not provide significant (p>0.05) differences at 
any of the chilled times. An increasing water content has been reported in some small 
size fish species (sardine, blue whiting and horse mackerel) during chilled storage that 
can be explained as having a less rigid skin than Atlantic pomfret so that partial water 
entrance is allowed [15,27,31].  
During the experiment, the lipid content showed some variations in both zones 
that could not be explained as a result of processing, but arising from individual 
differences from fish group to fish group (Tab. 1). Mean values of the lipid content 
showed to be higher in the ventral zone than in the dorsal one, although comparison at 
any of the storage times did not provide significant differences (p>0.05). Fattier fish 
species than Atlantic pomfret have shown a high lipid accumulation in muscle zones 
placed near the viscera, so that an enhancement of lipid damage in such zones during 
processing/storage could be observed [32,33]. 
 
Lipid hydrolysis 
 FFA content of the initial material (dorsal and ventral muscles; Tables 2-3) 
showed higher values than fattier fish species (mackerel, tuna) [27,34] and lower than 
leaner fish (blue whiting and hake) [15,35]. A slow lipolytic activity was found in both 
zones so that, compared to the raw material, a significant increase (p<0.05) was only 
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observed at day 19. A different hydrolysis development could not be detected (p>0.05) 
between both zones. 
 
Lipid oxidation 
 With the aim of assessing the lipid oxidation development, different and 
complementary indices were employed to obtain information about primary (conjugated 
diene hydroperoxides, total peroxides), secondary (thiobarbituric acid reactive 
substances) [24,36] and tertiary (interaction compounds produced from reaction 
between oxidized lipids and nucleophilic compounds from the fish muscle) lipid 
oxidation compounds [37,38]. 
A significant (p<0.05) increase in conjugated diene compounds concentration 
was observed in the dorsal muscle at day 12, followed by no variations till the end of 
the experiment (Tab. 2). In the case of the ventral zone (Tab. 3), the chilled time led to a 
gradual increase during the whole experiment. No significant (p>0.05) differences were 
observed between both zones. 
 A progressive peroxide formation was observed in both zones (Tables 2-3) that 
reached a maximum mean value at day 15; then, breakdown of peroxides developed till 
the end of the experiment. A strong effect of chilling time was found on the peroxide 
formation. Significant differences (p<0.05) between both zones were observed at days 2 
and 15, showing a larger peroxide formation for the dorsal zone. 
 When detecting the thiobarbituric acid reactive substances, the chilled time led 
to small significant differences for the dorsal zone (Tab. 2) and no differences at all for 
the ventral zone (Tab. 3). Comparison of both zones did not show significant 
differences (p>0.05). It can be concluded that secondary lipid oxidation was not a 
sensitive parameter for following the Atlantic pomfret damage during chilled storage. 
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 A continued formation of fluorescent compounds was observed in both muscle 
kinds during the experiment (Tables 2-3). Compared to the initial value, significant 
increases were observed at day 6 (dorsal zone) and day 2 (ventral zone). A sharp 
increase was observed at the end of the experiment in the dorsal zone, that agrees with 
the great peroxide breakdown mentioned above (Tab. 2). Comparison between both 
zones showed a higher (p<0.05) FR value at day 19 in the dorsal muscle. 
 
Amine formation 
 Formation of total volatile compounds showed to be very slow in both kinds of 
muscles (Fig. 2) compared to fatty fish (mackerel and sardine) [27,39,40], medium fat 
fish (horse mackerel) [31] and lean fish (blue whiting and hake) [15,41], where a sharp 
increase of volatile amine content began after 9-10 days (microorganisms lag phase) of 
iced storage. In the present case a significant increase (p<0.05) was only shown at the 
end of the experiment in both muscle zones (day 19). Comparison of both muscles 
provided a significantly higher (p<0.05) value at day 12 in the ventral muscle only. 
 Determination of TMA-N index showed a progressive increase with chilled time 
in both zones (Fig. 3). Compared to initial material, significant increases (p<0.05) were 
observed at day 15 (dorsal zone) and day 9 (ventral zone). Mean values in the ventral 
zone were always higher than their respective dorsal ones; however, significant 
differences (p<0.05) were only obtained in the cases of days 2, 6, 9 and 15. As in the 
case of the TVB-N analysis, Atlantic pomfret has shown a relatively slow formation in 
TMA-N compared to lean (cod) [8], medium fat (horse mackerel) [31] and fat (mackerel 
and sardine) [39,40] fish species. 
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Correlation analysis 
 In order to check the suitability of the different lipid damage indices for quality 
changes assessment, their correlations with the storage time were studied and compared 
to amine formation parameters (Tab. 4).  
 In the case of the dorsal muscle, linear correlation provided the best results for 
CD (r2=0.73), FR (r2=0.80) and TMA-N (r2=0.75) indices. By means of non-linear 
fittings, better correlation values were obtained for FR (r2=0.87) and TMA-N (r2=0.87) 
indices when exponential fittings were considered. 
 When analysing the ventral muscle results, linear correlation provided 
satisfactory results again for CD (r2=0.79), FR (r2=0.83) and TMA-N (r2=0.86). If non-
linear fittings were tested better results were obtained for FR (r2=0.88; logarithmic 
fitting), TVB-N (r2=0.75; exponential fitting) and TMA-N (r2=0.93; exponential fitting). 
In all cases, exponential fitting for amines detection (TVB-N and TMA-N) 
offered better correlation values with the storage time than linear fitting [31]; this can be 
explained as a result of a fast increase of amine production after the lag phase of 
microorganisms [10,27]. In the case of peroxide production, a logarithmic trend is the 
most accurate as a result of peroxide breakdown at the end of the experiment. 
 
 
FINAL REMARKS 
 
 Present results have shown that chilled Atlantic pomfret developed lipid 
damages related to hydrolysis (FFA formation) and oxidation (CD, PV and FR indices). 
Lipid oxidation detected by fluorescence formation (FR) showed to be an accurate tool 
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for quality loss assessment during chilled storage and provided better correlation values 
than the TVB-N index. 
 Volatile amine formation (TVB-N and TMA-N contents) were produced in a 
slower way than for other common fat and lean fish species. The presence of a rigid 
skin has not allowed an increase in water content in the muscle during the chilled 
storage and may have provided a protective effect against microorganism attack. 
 Little damage differences were observed between both muscle zones. As it is not 
a fatty fish species, a significant difference in fat content could not be assessed (p>0.05) 
between zones and accordingly, lipid damage indices did not reflect a differential zone 
damage. However, differences in the microbiology activity were detected, showing 
some higher (p<0.05) values for TVB-N and TMA-N indices in the ventral zone that 
could be explained by a closer location to viscera where microorganisms are known to 
concentrate. 
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FIGURE  LEGENDS 
 
 
 
Figure 1: Position in the Atlantic pomfret (Brama brama) body of the two white muscle 
zones considered in the present study: dorsal (D) and ventral (V). 
 
Figure 2: Total volatile base-nitrogen (TVB-N; mg/100g muscle) formation in dorsal 
(D) and ventral (V) muscle zones of Atlantic pomfret during chilled storage. 
 
Figure 3: Trimethylamine-nitrogen (TMA-N; mg/100g muscle) formation in dorsal (D) 
and ventral (V) muscle zones of Atlantic pomfret during chilled storage. 
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TABLE  1 
 
 
Water (g /100g muscle) and lipid (g /100g muscle) contents obtained in the dorsal and 
ventral muscle zones of Atlantic pomfret during chilled storage* 
 
 
 
 
                        
    
 
Storage Time 
(days) 
 
Dorsal Muscle 
 
 
Ventral Muscle 
  
Water Content
 
 
Lipid Content 
 
Water Content 
 
Lipid Content 
0 
 
75.79 ab 
(0.868) 
0.62 a 
(0.064) 
76.59 ab 
(1.257) 
0.82 ab 
(0.281) 
2 
 
76.70 ab 
(1.045) 
0.79 ab 
(0.146) 
76.60 ab 
(1.001) 
1.12 ab 
(0.514) 
6 
 
77.19 b 
(1.269) 
0.60 a 
(0.031) 
77.14 ab 
(1.713) 
0.66 a 
(0.134) 
9 
 
75.38 a 
(0.343) 
0.93 ab 
(0.280) 
75.35 a 
(0.372) 
0.98 ab 
(0.208) 
12 
 
77.11 b 
(1.443) 
0.66 a 
(0.123) 
77.08 ab 
(2.151) 
0.94 ab 
(0.325) 
15 
 
76.72  a 
(0.741) 
1.00  b 
(0.356) 
77.16  ab 
(1.272) 
1.38 b 
(0.558) 
19 
 
79.32 c 
(0.307) 
0.65 a 
(0.110) 
78.52 b 
(0.576) 
0.71 a 
(0.172) 
 
 
 
 
 
* Mean values (n=3) in the same column followed by different letters are significantly 
different (p<0.05). Standard deviations are indicated in parentheses. 
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TABLE  2 
 
 
 
Lipid damage determination* in dorsal muscle of Atlantic pomfret during chilled 
storage** 
 
 
 
Storage 
Time (days) 
FFA CD PV TBA-i FR 
0 
 
2.60 a 
(0.475) 
0.63 a 
(0.100) 
1.83 a 
(1.085) 
0.18 ab 
(0.080) 
0.21 a 
(0.046) 
2 
 
2.52 a 
(0.744) 
0.87 a 
(0.132) 
8.71 bc 
(0.470) 
0.16 a 
(0.090) 
0.67  ab 
(0.057) 
6 
 
2.81 a 
(1.206) 
0.70 a 
(0.109) 
10.33 bc 
(0.691) 
0.19 ab 
(0.153) 
0.79 bc 
(0.271) 
9 
 
3.15 a 
(0.219) 
0.72  a 
(0.177) 
15.29 cd 
(0.279) 
0.22 ab 
(0.118) 
0.65  ab 
(0.174) 
12 
 
2.74 a 
(1.166) 
1.19 b 
(0.128) 
17.45 d 
(3.283) 
0.40 b 
(0.221) 
0.83 bc 
(0.061) 
15 
 
3.20 a 
(0.839) 
1.22 b 
(0.313) 
27.26 e 
(3.776) 
0.28 ab 
(0.073) 
1.24  c 
(0.275) 
19 
 
6.05 b 
(2.475) 
1.22 b 
(0.108) 
5.52 ab 
(1.570) 
0.20 ab 
(0.088) 
2.35 d 
(0.720) 
 
 
 
 
 
 
 
* Lipid damage indices: FFA (free fatty acids; g /100g lipids), CD (conjugated dienes; 
calculated as expressed in the Materials and Methods section), PV (peroxide 
value; meq. oxygen/kg lipid), TBA-i (thiobarbituric acid index; mg 
malondialdehyde/100g muscle) and FR (fluorescence ratio; calculated as 
expressed in the Materials and Methods section). 
** Mean values (n=3) in the same column followed by different letters are significantly 
different (p<0.05). Standard deviations are indicated in parentheses. 
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TABLE  3 
 
 
 
Lipid damage determination* in ventral muscle of Atlantic pomfret during chilled 
storage** 
 
 
 
 
Storage 
Time (days) 
FFA CD PV TBA-i FR 
0 
 
2.84 a 
(0.860) 
0.51 a 
(0.050) 
2.39 a 
(0.414) 
0.29 a 
(0.145) 
0.20  a 
(0.042) 
2 
 
2.41 a 
(0.528) 
0.80 ab 
(0.074) 
5.71 ab 
(1.521) 
0.13 a 
(0.008) 
0.68  b 
(0.044) 
6 
 
2.56 a 
(1.273) 
0.81 b 
(0.206) 
10.12 bc 
(2.053) 
0.16 a 
(0.051) 
0.64  b 
(0.159) 
9 
 
2.42 a 
(1.057) 
0.76 ab 
(0.146) 
12.08 cd 
(5.233) 
0.27 a 
(0.208) 
0.75  b 
(0.052) 
12 
 
2.56 a 
(1.816) 
0.94  bc 
(0.251) 
11.37  bc 
(1.888) 
0.35 a 
(0.134) 
0.87 bc 
(0.270) 
15 
 
4.57 ab 
(2.692) 
1.16 c 
(0.285) 
17.98 d 
(5.511) 
0.34 a 
(0.085) 
1.18  c 
(0.126) 
19 
 
6.49 b 
(3.174) 
1.22 c 
(0.094) 
7.72 abc 
(2.959) 
0.23 a 
(0.062) 
1.07 c 
(0.071) 
 
 
 
 
 
 
 
* Abbreviations and units of the lipid damage indices as expressed in Tab. 2. 
** Mean values (n=3) in the same column followed by different letters are significantly 
different (p<0.05). Standard deviations are indicated in parentheses. 
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TABLE  4 
 
 
 
Correlation values* between the chilled storage times and chemical damage indices 
(lipid and amine parameters)** 
 
 
 
 
 
Chemical index 
 
 
Dorsal Muscle 
 
Ventral Muscle 
FFA 0.54 
(0.63) a
0.53 
(0.63) a
CD 
 
0.73 0.79 
PV 0.51 
(0.61) b
0.55 
(0.64) b
TBA-i 0.31 0.23 
 
FR 0.80 
(0.87) a
0.83 
 (0.88) b
TVB-N 0.49 
(0.69) a
0.61 
(0.75) a
TMA-N 0.75 
(0.87) a
0.86 
(0.93) a
 
 
 
 
 
 
* Linear correlations are expressed in all cases. Non-linear fittings (exponentiala and 
logarithmicb) are expressed in brackets when superior to the linear ones. 
Significant values (p<0.05) are expressed in bold print. 
** Chemical indices abbreviations as expressed in Tab. 2 and Figures 2-3. 
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